Abstract. This paper presents a vintage-capital model of technology adoption that takes seriously the fact that new inventions are specific to the environment in which they emerge. The key feature of the model is that the firm can invest resources in R&D to adapt externally originated ideas to the environment in which they are used. We show that because of the possibility of investing in R&D, differences between the inventor's and user's environments can explain why some firms invest in old techniques. Several predictions of the model are consistent with observation.
Introduction
Historical evidence shows that technology characteristics critically depend on the particular set of inputs and their relative prices (hereafter, the "environment") within which the technology emerges (see Solo 1966 and Rosenberg 1976 , 1982 . However, once it exists, technology is also used outside the inventor's environment. Moreover, there is strong empirical evidence that externally originated ideas are in fact the most important source of productivity growth for most firms (Eaton and Kortum 1996, and Coe et al. 1997) . The evidence points out as well that firms that use a new idea under conditions that are different from I would like to thank B. Ravikumar and Aubhik Khan for their constant encouragement and advice in writing this paper. I am also grateful to Andrew John, Robert King, Alex Wolman, two anonymous referees, and seminar participants at the University of Virginia, Universidad Carlos III, Universidad de Alicante, and Institut d'Analisi Economica for useful comments. Financial support from Diputación General de Aragón and University of Virginia is gratefully acknowledged. the ones that generated it usually modify the new technique to better adapt it to their specific environments, and increase the idea's value.
1 But adaptation is costly. Information needed to properly modify the new ideas cannot be acquired automatically through repetitive experience in production; it requires the specialization of some of the firm's resources on deliberate R&D effort.
2 Furthermore, these R&D expenses constitute a significant part of total adoption cost. For example, Ozawa (1966) estimates that one-third of Japan's R&D expenditures over the period 1957-1962 was spent adapting imported technology to Japanese requirements. Teece (1977) uses a sample of 26 international transfers of technology to show that, on average, the cost of transmitting, absorbing, and adapting the new knowledge accounts for 19 % of total project costs.
This paper is an attempt to understand the role of differences between the inventor's and the user's environments in explaining the different technology adoption experiences observed across firms. We build a model of technology adoption that can answer the following questions. Why do firms use old ideas even though apparently more productive ideas are available?
3 Why some firms adopt new techniques more often than other firms? What are the determinants of R&D investment associated with technology adoption? In our framework, ideas carry a parameter that proxies the difference between the firm's and the investor's environments. R&D effort affects this parameter, reducing the risk associated with the idea currently used in production. In each period, the representative firm must decide whether or not to adopt a new production idea, and the amounts of resources to allocate to R&D and production. Newer techniques are more productive, but the firm loses all the risk reduction achieved with the old technique when a new one is adopted. We study dynamics under the constraint analyzed by Chari and Hopenhayn (1991) : the firm can adopt any idea, but only up to some frontier that advances exogenously. Succar (1987) endogenizes the assimilation process of foreign ideas through R&D. But her model does not analyze the firm's adoption decision. R&D effort plays an important role in Helpman and Trajtenberg (1994) . In contrast to the last work, in our framework a new idea arrives in every period, and the firm selectively chooses among the available techniques. Uncertainty about the profitability of new techniques is also present in Jensen (1982) . Unlike us, Jensen considers that the firm learns about a new technique in a Bayesian fashion using costless, exogenously-given information.
1 A good example is the Japanese experience. Rosenberg (1982, p. 271) writes: "In a variety of ways, the Japanese adapted Western technologies so as to reduce the capital-output ratio. In textiles, for example, they purchased older, secondhand machines ... once installed, they operated the machinery at higher speeds and for longer hours than in England or America, and they lavished greater amounts of labor in servicing the machines and maintaining them. When the Japanese eventually built their own textile machines, they substituted wood for iron wherever possible. They introduced cheaper raw materials into production, as in the case of cotton spinning, and then added more labor to each spinning machine." 2 Aw and Batra (1994) find empirical evidence that Taiwanese manufacturing firms that commit resources to modifying the acquired technology have higher average productivity levels than those that have no such resource commitments. See also Dahlman and Sercovich (1984) .
3 See, for example, Nabseth and Ray (1979).
